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Murine Langerhans cells (LC) synthesize and express 
E-cadherin, a Ca + + -dependent homophilic cell adhe-
sion molecule that mediates LC-keratinocyte (KC) 
binding in vitro. In vivo, E-cadherin expression by LC 
may promote localization and persistence of LC 
within the epidermis through LC-KC adhesion. In 
addition, changes in LC E-cadherin expression or 
affinity may be an important factor in the egress of 
LC from the epidermis after exposure to antigen. The 
aim of the present study was to determine if human 
LC also express E-cadherin. Suction blister roofs were 
obtained from normal volunteers and epidermal cell 
(EC) suspensions were prepared by limited trypsiniza-
tion in the presence of 1 mM Ca + +. EC were then 
incubated with antibodies to E-cadherin and CDla or 
HLA-DR, and examined by two-color analytical flow 
adherins are Ca + + - dependent homophilic adhesion 
molecules that are essential for normal development 
and func tion of epithelial tissues [1-3]. In particular, 
desmosomal (desmogleins and desmocollins) and 
extradesmosomal cadherins (E- and P-cadherin) are 
prominently represen ted in mammalian epidermis and are impor-
tant participants in keratinocyte (KC)-KC adhesion [4 - 6]. Re-
cently, Tang et al reported that murine Langerhans cells (LC) also 
synthesize and express E- cadherin, and that E-cadherin mediates 
binding of LC and KC itt vitro [7]. Subsequently, Lee et al 
determined that murine dendritic epidermal T cells (DETC), 
another leukocyte population resident in rodent epidermis, also 
express E- cadherin. * In addition, it has been reported that E-
cadherin mediates binding in vitro between KC and normal human 
melanocytes [8] and between KC and lymphocyte cell lines derived 
from individuals with cutaneous T cell lymphoma (CTCL).t Taken 
together, these results suggest that E-cadherin may be an important 
mediator of adhesion between mammalian KC and a variety of cells 
of extra- epidermal origin. The purpose of the present study was to 
determine whether human LC, like murine LC, express E-cadherin. 
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cytometry or immunofluorescence microscopy. Most 
(82.9% ± 7.4% [mean ± SD], range 67-89%, n = 7) 
freshly prepared human LC expressed E-cadherin, as 
did the majority ofKC. The amount ofE-cadherin (as 
determined by mean fluorescence intensity) ex-
pressed by LC and KC was similar. TrypsinlEDTA 
treatment of freshly prepared EC abrogated expres-
sion ofE-cadherin by LC and KC, whereas E-cadherin 
was not degraded by trypsin in the presence of Ca + + • 
LC expressed lower levels of E-cadherin after 3 d in 
culture. Thus, human LC, like murine LC, express 
the homophilic adhesion molecule E-cadherin, 
which may be important in establishing and main-
taining interactions between LC and KC in mam-
malian epidermis. Keywords: adhesionlkeratinocytes. 
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MA TERIALS AND METHODS 
Pat ien t s and Preparation o f E C Suspensions Normal volunteers 
were recruited from the local community. The protocol was approved by 
the National Cancer Institute Institutional Review Board and informed 
consent was obtained from each individual prior to entry into the study. 
Suction blisters were induced on clinically normal skin from either the volar 
forearms or anterior thighs by vacuum suction and heat [9]. EC suspensions 
were prepared from blister roofs by limited trypsinization as previously 
described [9], except that trypsinization was carried out in the presence of 
1 mM Ca + + (to protect E-cadherin from proteolytic degradation) [7]. After 
washing three times in Hanks' balanced salt solution (HBSS; Biofluids, Inc., 
Rockville, MD) containing 10% heat-inactivated pooled human AB + serum 
(Sigma Chemical Co ., St. Louis, MO), EC were enumerated and resus-
pended in phosphate-buffered saline (PBS; Biofluids) containing 10% heat-
inactivated pooled human AB + serum, and 0.02% sodium azide (staining 
buffer). 
Ant ibody Labeling o f Human LC and Examination by Flow-Cyto-
metric Analysis and Immunofluorescence Microscopy Unless oth-
erwise specified, all antibodies were obtained from Becton Dickinson (San 
Jose, CA) and all incubations were performed at 4°C in 96-well round-
bottom culture plates containing antibodies diluted to 10 /-Lg/ml in staining 
buffer. EC were first incubated for 45 min with mouse anti-h uman 
E-cadherin (HECD-1; Zymed Laboratories, Inc., San Francisco, CA) or 
control mouse IgG1 • The cells were then washed twice with staining buffer 
and incubated for 45 min with biotin-conjugated goat F(ab')2 anti-mouse 
gamma and light chains (Biosource International, Camarillo, CA) . The cells 
were then washed twice in staining buffer, once in buffer containing PBS, 
0.2% bovine serum albumin (Sigma), and 0.02% sodium azide, and were 
then incubated for 10 min with either mouse IgG) or mouse IgG2a at 50 
/-Lg/ml. EC were subsequently incubated for 30 min with fluorescein 
isothiocyanate-conjugated mouse anti-human CD1a (O KT6; Ortho D iag-
nostic Systems, Inc., Raritan, NJ), fluorescein isothiocyanate- conjugated 
mouse anti-human HLA-DR (L243), or fl uorescein iso thiocyantae-conju-
gated isotype control antibodies without additional w ashing. Texas R ed-
conjugated streptavidin (Gibco BRL, Grand Island , NY) or PE-conj ugated 
streptavidin was added directly to all culture wells at a final concentration 
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Figure 1. Flow-cytometric analysis from a representative experi-
ment showing that freshly prepared human LC express cell surface 
E-cadherin. The numbers in the upper right portion of each panel 
represent the percentage of cells within each quadrant. 
of 1 p.g/rnl for the last 15 min of this 30-min incubation. The cells were then 
washed twice, resuspended in staining buffer, and transferred to polystyrene 
tubes for flow cytometric analysis or to glass slides for immunofluorescence 
mIcroscopy. 
The percentages ofE-cadherin + LC were determined by flow-cytometric 
analyses using a FACScan (Becton Dickinson) equipped with Lysis II 
software (Becton Dickinson). FACScan sheath fluid was PBS. Propidium 
iodide (5 p.g/ml) permeable cells (i.e., dead cells) were excluded from all 
analyses. 50,000 and 5,000 total events were collected and analyzed for 
experiments using freshly prepared (f) EC and cultured (c) EC, respectively; 
the corresponding number of LC collected and analyzed ranged from 1000 
to 1300 for fLC and from 500 to 1400 for cLC. 
Using a fluorescence microscope, the percentage of E-cadherin + LC was 
determined by counting double-labeled cells in 20 non-overlapping 0.0294 
mm
2 fields, dividing by the total number of CD 1 a + cells in these fields, and 
multiplying the quotient by 100. 
Determination of the Effects of Trypsin and Culture on Human LC 
E-Cadherin Expression EC suspensions were divided into three groups 
and incubated in Ca + + -free HBSS containing with 0.01 % trypsin (United 
States Biochemical Corp., Cleveland, OH)/1 mM ethylenediaminetetraace-
tic acid (EDTA) , 0.01% trypsin/1 mM Ca++ , or 1 mM EDTA for 30 min at 
37°C, as previously described [7] . Mter washing the treated cells in HBSS 
containing 10% heat-inactivated pooled human AB + serum, 1 mM Ca + +, 
and 0.005% DNase (Sigma) , EC were incubated with antibodies and 
examined by flow-cytometric analysis or immunofluorescence microscopy 
as described above . 
In separate experiments , freshly prepared EC were resuspended in RPMI 
1640 (GmCO) supplemented with 10% fetal bovine serum (Biofluids), 100 
U/ml penicillin (GmCO), 100 p.g/rnl streptomycin (GmCO), 2 mM 
L-glutamine (GmCO), 10 mM Hepes (GmCO), 1 p.g/rnl indomethacin 
(Sigma), and 100 ng/rnl (5000 U/rnl) recombinant human granulocyte/ 
macrophage colony-stimulating factor (Immunex Corp., Seattle, WA) and 
cultured in six-well culture plates at 37°C in a humidified 5% CO2 
atmosphere. On day 3, cEC were layered over Ficoll-Hypaque density 
gradients (LSM, Organon Teknika Corp., Durham, NC) and centrifuged; 
the buoyant cell fraction was then collected, washed, and counted. Also on 
day 3, fEC were prepared from the same donor. Antibody labeling (using 
HLA-DR as a LC marker) and flow-cytometric analyses as described above 
were performed in parallel for fEC and cEC. 
RESULTS 
Human fLC Express E-Cadherin As detected by flow-cyto-
metric analysis, most CD1a + or HLA-DR + fEC (hereafter fLC) 
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were E-cadherin+ (82.9% ± 7.4% [mean ± SD], range 67-89o/t . 
n = 7) (Fig 1). Essentially all KC also expressed E-cadherin . 
E-cadherin mean fluorescence intensity was similar for fLC and fK( : 
(129 ± 58 [mean ± SD], range 73-227 versus 103 ± 43, rang.! 
59-189, n = 7). Evidence for LC-KC aggregates was not observed 
on forward scatter versus side scatter dot plots. To assure tha : 
E-cadherin + fLC detected by the flow cytometer were not artifac . 
tual, e.g., secondary to LC-KC aggregation, we examined double .. 
labeled fEC by two-color immunofluorescence microscopy. Com .. 
patible with the results of the flow-cytometric analyses, we founc: 
that most fLC were E-cadherin + (71% in a single experiment) 
Most E-cadherin + fLC were observed as single unattached cell ~ 
(Fig 2A,B), however, some were observed within clusters of 
E-cadherin + KC (Fig 2C,D). Because all staining and washing 
steps were performed at 4°C in media containing low concentra-
tions of Ca + + , it was not surprising to see that most LC and KC 
were present as unattached single cells. 
Human fLC E-Cadherin Is Trypsin-Sensitive in the Absence 
of Ca + + and Is Protected From Trypsin in the Presence of 
Ca + + One biochemical characteristic of classical cadherins (E-, 
P-, and N-cadherin) is their sensitivity to degradation by low 
concentrations of trypsin in the absence of Ca + + , and their 
resistance to proteolysis in Ca + + -containing media [7,10]. In two 
Figure 2. Immunofluorescence microscopy showing freshly pre-
pared E-cadherin+ LC. A,e) Single LC (labeled with a fluorescein 
isothiocyanate-conjugated anti-CDla antibody). B,D) E-cadherin + LC 
(labeled with a combination of anti-E-cadherin antibody, biotin-conjugated 
anti-mouse antibody, and Texas Red-conjugated streptavidin). B, the same 
LC (arrow) as in A unattached to surrounding E-cadherin + KC. D, the same 
LC (arrow) as in C within a cluster of E-cadherin + KC. Most LC were 
observed as unattached single cells. Bar, 10 p.m. 
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Figure 3. Flow-cytometr ic analysis from a representative experi-
men t showing tha t E-c adherin ex p ressed by human fLC is trypsin-
sensitive in t h e absence o f Ca + + and is pro tected from trypsin in 
the p resence o f Ca + +. A,B) Untreated fEe. C) Trypsin/EDT A treated 
fEe. D) Trypsin/ Ca + + -treated fEC. EDT A treatment alone of fEC had no 
effect on E-cadherin expression (not shown). 
experiments, when fEC were treated with trypsin/EDTA, E-
cadherin staining on both fLC and fKC was greatly decreased as 
detected by flow-cytometric analysis (Fig 3). Trypsin treatment in 
the presence of Ca + + , however, did not significantly decrease 
E-cadherin staining of fLC and fKC (Fig 3). In addition, EDTA 
treatment alone did not alter E-cadherin staining of ftC and fKC 
(not shown). These results were confirmed using immunofluores-
cence microscopy (not shown). 
E-Cadherin Expression by cLC Is Decreased Compared to 
fLC Previous studies indicated that murine cLC expressed less 
E-cadherin and adhered to KC less avidly than fLC [7] . To 
determine if E-cadherin expression by human LC was similarly 
down-regulated in culture, we compared E-cadherin expression by 
fLC and cLC obtained from the same donor and analyzed by flow 
cytometry in parallel. In three separate experiments, the total 
number of viable low-density cEC harvested on day 3 ranged from 
7.4 to 14% of the total number of fEC placed into culture. The 
percentage of cLC within total cEC ranged from 10.8 to 28.6% 
(30-50% LC recovered). Each experiment showed that the per-
centage of cLC expressing E-cadherin was decreased compared to 
fLC (Fig 4). The percentages of E-cadherin + LC, comparing fLC 
versus cLC, were as follows: 89% versus 55%, 84% versus 56%, 
and 83% versus 22%. As expected, cLC expressed tenfold more 
HLA-DR than fLC obtained from the same individual (Fig 4). 
Similar to LC, the expression of E-cadherin on cKC was also 
decreased compared to fRC. 
DISCUSSION 
The present study demonstrates that freshly prepared human 
LC express the homophilic adhesion molecule E- cadherin. The 
E- cadherin molecule expressed by LC as well as KC was 
degraded by trypsin in the absence of Ca + + , and was protected 
from trypsin degradation in the presence of Ca + + . In addition, 
human LC expressed lower levels of E- cadherin after 3 d in 
culture compared to fLC obtained from the same individual. 
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Figure 4. Flow-cyto metric analyses from two rep resenta tive exper-
iments showing tha t LC E-cadherin exp ressio n decreases in cul-
ture. fEC (A) and cEC (B) obtained from the same individual and studied 
in parallel. fEC (C) and cEC (D) obtained from a second individual. 
Quadrants (markers) were adjusted such that all HLA-DR + cells stained 
with anti-E-cadherin isotype control monoclonal antibody (i.e., mouse 
IgG) were included in the right lower quadrant of dot blots (not shown). 
These results are entirely analogous to those obtained previously 
with murine LC [7]. Although it was not possible to carry out 
functional studies in the present study (because of limiting 
numbers of human LC), we have previously determined that 
E-cadherin mediates adhesion between murine LC and KC in 
vitro [7]. We propose that E-cadherin may be important in the 
localization and persistence of LC (or LC precursors) in epider-
mis by facilitating LC-KC adhesion. 
Although direct proof that E-cadherin is involved in the local-
ization of LC (and other EC of extra-epidermal origin) within 
epidermis is lacking, a significant amount of supporting data has 
recently been reported. As mentioned earlier, murine DETC, * 
human melanocytes [8], and human CTCL-derived lymphocyte 
cell linest all express E-cadherin. Furthermore, functional assays 
suggest that E-cadherin facilitates adhesion between these EC and 
KC. We have also demonstrated that E-cadherin is expressed by 
thymocytes and thymic epithelial cells in murine fetal thymus in a 
developmentally regulated fashion [11]. This finding suggests that 
E-cadherin may be an important mediator of interactions between 
bone marrow-derived cells and epithelia in other tissues as well. 
Decreased E-cadherin expression and/ or altered E-cadherin af-
finity may also be important in the egress of LC from epidermis 
following epicutaneous exposure to antigens. The fact that cultured 
human and murine LC (which are thought to represent the in vitro 
equivalent of LC that have migrated to regional lymph nodes) 
express less E-cadherin compared to freshly prepared LC is consis-
tent with this hypothesis. One (or a number) of pro-inflammatory 
cytokines synthesized in epidermis after antigen exposure may 
* Lee MG, Tang A, Udey MC: Adhesion of murine gamma/delta T cells 
to keratinocytes mediated by E-cadherin (abstr). Clin Res 41:178, 1993. 
t Wayner EA, Hoffstrom B, Pittelkow M: T lymphocyte adhesion to 
keratinocytes: cooperative role for the integrin receptor o:3{31 and E-
cadherin (abstr). ] Invest Dennatol102:524, 1994. 
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trigger LC migration through a1fects on LC E-cadherin expression/ 
affinity. These and related questions will perhaps be best ap-
proached in humans by using LC-like cells propagated from adult 
peripheral blood:!: [12] or umbilical cord blood [12,13]. In this 
regard, we have recently determined that a subpopulation of 
CD1a + HLA-DR + CD14 - dendritic cells derived from umbilical 
cord blood CD34 + stem cells express E-cadherin (unpublished 
observations). These LC-like cells may prove to be a useful model 
in which to study LC E-cadherin biology and biochemistry. 
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